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ABSTRACT 


The static longitudinal and lateral stability characteristics 
of an 0.065-scale model of the XRSSM~N~9a. (Regulus II) guided missile 
and its components have been determined for a Mach number range- of 
1.6 to 2.0 at a Reynolds number per foot of 2.0x10 s . 
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SUMMARY 


An investigation has been conducted to obtain the static longitudi- 
nal and lateral stability characteristics of an 0.065-scale model of 
the XRSSM-N-9a (Regulus II) guided missile. Rudder effectiveness was 
also determined. Data were obtained at Mach numbers of 1.6, 1.8, and 
2.0, at a Reynolds number of 2.0X10 6 per foot. 

Results of the investigation indicate that a large positive change 
in the pitching moment at zero lift will be incurred when an antibuzz 
screen is extended in front of the engine duct inlet. These positive 
moments are overcompensated for by a simulated free-floating canard 
trimmer. 

Static directional stability was found to decrease markedly beyond 
an angle of attack of 5»5 at all Mach numbers tested. The missile 
becomes unstable between 5.5° and 11°. Incorporation of ventral fins 
will maintain static directional stability to an angle of attack of 11°. 


INTRODUCTION 

The XRSSM-N-9 (Regulus II) guided missile, in the course of its 
development, has been the subject of a number of wind-tunnel and free- 
flight investigations. As a result of these investigations, a canard 
trimmer was incorporated (ref. 1 ) to eliminate the large negative 
pitching moment at zero lift which existed with the original configura- 
tion. In addition, previous investigations have considered the effects 
of mass-flow and boundary- layer bleed variation, control effectiveness 
(ref. 2 ), and dynamic stability (ref. 3 ). 

Subsequent to the foregoing work the configuration was further 




At the request of the Bureau of Aeronautics. Department of the 
Navy, an investigation was conducted in the Ames Unitary 9- hy 7-foot 
wind tunnel (ref. 4). The purpose of the investigation was to determine 
the static longitudinal and directional stability characteristics of 
the modified configuration (XRSSM-N-9&) of the missile. The results 
of the investigation are reported herein. Included are the effects of 
the canard trimmer, antibuzz screen, ventral fins, rudder deflection, 
and mass-flow ratio through the engine duet. 


COEFFICIENTS AND SYMBOIS 


Force and moment coefficients are referred to the stability axes, 
with the exception of the base drag, which is referred to the body axes. 
Moments are taken about the point of intersection of the fuselage 
reference axis and the projection of the leading edge of the wing mean- 
geometric chord. Systems of axes and positive direction of forces, 
moments, and angles are shown in figure 1. 

Ab base area, sq ft 

Ac inlet capture area, sq ft 

b wing span, ft 

cF mean geometric chord, ft 

Moo free-stream Mach number 

Pb base pressure, lb/sq ft 

Poo free-stream static pressure, lb/sq ft 

p-fc total pressure, lb/sq ft 
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C l 


-mo 


a. e. 



drag coefficient, — 

qS 


base drag coefficient, 
side-force coefficient 


(Poo “ Pb^ 


qS 

side force 
qS 

pitching-moment coefficient, P 3 - tc M^.S 

qS? 


C n yawing-moment coefficient, 


qSb 


rolling-moment coefficient, 

qSb 

pitching-moment coefficient at zero lift 
aerodynamic center, percent c 


C n p rate of change of yawing-moment coefficient with sideslip angle. 


'■Ip 


'"Sr 


m 

Moo 

a 

P 

& R 


dC n 

Per deg 


rate of change of rolling-moment coefficient with sideslip angle, 
bC i 

-gp per deg 

rate of change of yawing-moment coefficient with rudder deflection, 

SCn 


c>& 


per deg 


'R 


duct mass-flow ratio based on inlet capture area, Ac 
angle of attack of fuselage reference axis, deg 
angle of sideslip of fuselage reference axis, deg 
rudder deflection, deg 


MODE! 


The model tested was an 0.065"Scale model of the XRSSM-N-9a 
(Regulus II) guided missile furnished by the manufacturer. Chance Vought 
Aircraft, Incorporated. Geometric characteristics of the model are 



h 


listed in table I„ 
shown in figure 2 . 
figures 3 and 

The model was equipped with an inlet and engine ducting system 
to enable simulation of engine air flow through both a main duct and 
boundary-layer bleed duct. Internal lines of the main duct were true 
scale for approximately three diameters behind the duct lip. Hie 
boundary- layer bleed duct was true scale except that the center bleed 
channel 5 , normally used for air-conditioning purposes , was bled into 
the main duct. 
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Photographs of various test configurations are 
Details of the model and components are shown in 


TEST PROCEDURE 


Pitch runs were made through an angle=of -attack range from 
=12° to +12° at zero angle of sideslip. Yaw runs were made through 
an angle -of- sideslip range from + 2 ° to - 8 ° at nominal angles of attack 
of -5.5°, 0°, + 5-5 , and +11°, Test data were taken at Mach numbers 
of 1.60, 1.80, and 2.00 at a Reynolds number per foot of 2.0X10® . 

Forces and moments were measured by use of an internally mounted, 
six-component, strain-gage balance. Base static pressure, balance- 
chamber static pressure, main-duct static pressure, and main-duct v 

total pressure were obtained from pressure taps. 

Corrections were applied to both angle of attack and angle of 
sideslip to take account of stream angle and sting and balance deflec- 
tion under load. Rudder deflection due to load was not known | accordingly 
no corrections were applied. Longitudinal-force measurements were 
corrected for base and balance-chamber drag by adjusting the local 
static pressure to free-stream static pressure, and for buoyancy. 

Precision of the test results is indicated by the number of 
significant figures to which the basic data are presented in tables II 
and III. 


RESULTS 


Results of the present investigation are shown in the form of 
graphs and tables. Plots of the longitudinal-stability parameters, 

Cm 0 and a.c., and the lateral stability and control parameters, C n g 
Cip, and are presented for discussion and interpretation. A 

few basic-data plots are included only for the purpose of illustrating 
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typical variations of the longitudinal and lateral characteristics of 
the basic configuration. The foregoing graphs and plots are presented 
in figures 5 through 11. The basic data are presented in tabular form, 
the pitch characteristics in table II and the sideslip characteristics 
in table III. 


DISCUSSION 

Longitudinal Stability 


Basic model .° Typical longitudinal characteristics of the bas:i e 
configuration are presented in figure 5° The variations indicated are 
representative of those obtained for the basic configuration at all 
three test Mach numbers. It will be noted that the pitching-moment 
curve is nonlinear. Correspondingly, the aerodynamic center would 
undergo a shift of approximately 0.2 percent of the mean geometric 
chord over the range of lift coefficients tested. Also shown in fig- 
ure 5 are the results obtained in reference 1 for a configuration 
similar to that of the present test. It should be noted that the 
model of reference 1 utilized a more forward wing location and had a 
smaller trimmer mounted at a higher angle of incidence 1 than did the 
present model. 


Ln configuration .- The variations with Mach 
number of and a.c. for the configurations tested are presented 

in figure 6. A summary of the results at Mach number 2.0 is given in 
the following tabulation; 


Configuration 

fflo 

0 C 0 

Basic 

" -0.004 

0.10 

Boundary- layer bleed closed 

.002 

.11 

Trimmer off 

“<.030 


Trimmer off, antibuzz screen extended 

-.010 

,24 

Ventral fins on 

.004 

.12 


The trimmer is intended to be free-floating during the terminal 
maneuver. In these tests it was not feasible to float the trimmer. 
Accordingly, the free-floating condition was simulated by removing the 
trimmer entirely. Furthermore , during the terminal maneuver of the 
missile the engine is shut off and the antibuzz screen is extended 
(to eliminate flow instability within the engine duct) . As indicated 
by the preceding tabulation and figure 6, the removal of the trimmer 
overcompensates for the positive shift that results when the 


x The trimmer of reference 1 was mounted at an angle of incidence 
of 9°5° aad had an exposed area of 1.28 square inches. 
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antibuzz screen is extended. This, combined with a substantial rear- 
ward shift of the a.c, will give quite large negative pitching moments 
during the terminal maneuver . 

Effect of Reynolds number . - The variation with Reynolds number of 
Caio and a„c. are shown in figure 7° Reynolds number effects are small 
in both cases . 

Effect of mass flow .- The effect of mass-flow-ratio variation 
on C m is indicated in figure 8. It is evident that changes in mass- 
flow ratio cause substantial changes in pitching moments. These changes 
must be considered when analysis is made of the flight characteristics 
of the missile during the various phases of its mission. 



lateral Stability 


Basic model .- Figure 9 presents typical lateral characteristics 
of the basic configuration „ The variations shown are representative 
of those occurring at all three test Mach numbers for the basic 
configuration. 


Effects of chan g es in configuration .- The variation with Mach 
number of C n g and for the configurations tested are presented 
in figure 10. A summary of the results at jMach number 2.0 and at an 
angle of attack of 0° is given in the following tabulation; 



Basic 

Vertical tail off 
Ventral fins on 
Trimmer off 



0.0029 

-.0098 

.0065 

.0029 


Jlp 

-0.0038 


-.0019 

-.0030 

“.0037 


As indicated by the preceding tabulation and figure 10, addition 
of ventral fins to the basic configuration results in a large increase 
in Cnp and a decrease in Cjp. Trimmer' removal has negligible effect 

on both C tt p and C ^ at zero angle of attack. 

Effect of angle of attack .- Examination of figure 10 indicates that 
for the basic and trimmer-off configurations, C n p decreases markedly 
beyond an angle of attack of 5. 5°. With the center of gravity located 
at the leading edge of the mean aerodynamic chord, the missile will 
become directionally unstable between an angle of attack of 5 »5° and 11°. 
Addition of ventral fins substantially increases C n g, maintaining 
directional stability up through an angle of attack of 11° * 
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TABLE II.- PITCH CHARACTERISTICS; 0 = 0.2°, S R = 0° 
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TABLE II.- PITCH CHARACTERISTICS; 3 = 0.2°, & R = 0° - Concluded 


(d) Trimmer off, antibuzz screen- extended 
= 1.60; E/ft = 2.0x10 s 


a, 

deg 

C L 

Cm 

C D 

C Y 

Cn 

C l 


Cy 

x b 

■P'too 
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0.052 

-0.01 

0.003 

-0.001 

0.70 

0 

1020 

-.1 

-.03 

-.003 

.051 

-.01 

.003 

-.001 

.67 

0 

1024 

-.1 

-.03 

0 

.045 

-.01 

.003 

-.001 

.48 

.004 

1024 

-.1 

-.04 

.001 

.046 

0 

.003 

-.001 

•38 

.003 

1025 

-6.6 

-•36 

.104 

.070 

0 

.002 

-.001 

.39 

.002 

1026 

-4.4 

-.25 

.069 

.052 

0 

.002 

-.001 

.39 

.002 

1026 

-2.3 

-.14 

.032 

.044 

0 

.002 

-.001 

.38 

.002 

1026 

-1.2 

-.09 

.015 

.044 

0 

.003 

-.001 

.38 

.002 

1026 

-.1 

-.04 

0 

.047 

0 

.003 

-.001 

.37 

.001 

1026 

1.0 

.02 

-.012 

.051 

0 

.003 

-.001 

.38 

.002 

1026 

2.1 

.07 

-.025 

.058 

0 

.003 

-.001 

.38 

.001 

1027 

4.2 

.17 

-.052 

• 077 

0 

.002 

-.001 

•38 

.001 

1027 

6.4 

.27 

-.064 

.097 

0 

.002 

0 

.40 

.001 

1027 

10.7 

,44 

-.071 

.149 

0 

.002 

0 

.39 

.001 

1027 



K , = 

H 

CO 

0 

3/ft = 2.0x10 s 




-.1 

-.02 

0 

.044 

0 

.001 

-.001 

.59 

.002 

1058 

-.1 

-.03 

.003 

.043 

0 

.001 

-.001 

.49 

.003 

1058 

-.1. 

-.03 

.007 

.043 

0 

.001 

-.001 

.39 

.003 

1058 

-10.7 

-.48 

.125 

.118 

0 

.002 

0 

.39 

.003 

1057 

-6.5 

-.29 

.078 

.064 

0 

.002 

0 

.40 

.003 

1057 

-4.3 

-.21 

.061 

.048 

0 

.002 

-.001 

.40 

.003 

1058 

-2.2 

-.12 

.038 

.040 

0 

.001 

-.001 

• 4l 

.003 

1057 

-1.2 

-.08 

.023 

.040 

0 

.001 

-.001 

.39 

.003 

1058 

-.1 

-.03 

.00 9 

.042 

0 

0 

-.001 

•39 

.003 

1057 

1-0 

.01 

-.004 

.047 

0 

0 

-.001 

.39 

.002 

1058 

2.0 

.05 

-.017 

.052 

0 

0 

-.001 

.39 

.002 

1058 

4.2 

.14 

-.045 

.071 

0 

0 

-.001 

.38 

.002 

1057 

6.3 

.23 

-.064 

•093 

0 

0 

-.001 

.37 

.002 

1057 

10.7 

.40 

-.072 

.143 

0 

.001 

0 

.37 

.002 

1058 




= 

2.00; 

ti/ft = 2.0X10 6 




0 

0 

-.013 

.045 

0 

.003 

-.001 

.56 

.003 

1149 

0 

0 

-.013 

.045 

0 

.003 

-.001 

•56 

.003 

1148 

0 

0 

-.011 

.047 

0 

.003 

-.001 

.49 

.003 

n48 

0 

-.01 

-.009 

.049 

0 

.003 

-.001 

.4o 

.003 

1149 

-10.7 

-.44 

.094 

.114 

0 

.001 

-.001 

.42 

.003 

1150 

-6.5 

-.26 

.052 

.065 

0 

.002 

0 

.42 

.004 

1150 

-4.3 

-.17 

.029 

.052 

0 

.002 

-.001 

.42 

.004 

1149 

-2.2 

-.09 

.011 

.046 

0 

.002 

-.001 

.42 

.004 

1149 

-1.1 

-.05 

.002 

.045 

0 

.002 

-.001 

.41 

.004 

1149 

-.1 

-.01 

-.009 

.049 

0 

.003 

-.001 

.40 

.004 

1149 

1.0 

.03 

-.019 

.053 

0 

.003 

-.001 

.41 

.004 

1149 

2.1 

.07 

-.028 

.058 

0 

.003 

-.001 

.4o 

.003 

1149 

4.2 

• 15 

-.048 

•073 

0 

.003 

-.001 

.38 

.003 

1149 

6-3 

.23 

-.064 

• 093 

0 

.003 

-.001 

.38 

.003 

1149 

10.6 

.18 

-.072 

.139 

0 

.003 

-.001 

.39 

.003 

1149 


(e) Ventral fins on 
tL, = 2.00; R/ft = 2.0X10® 



.01 .003 
.01 .003 

.01 .003 
.01 .003 
.01 .004 

.01 .004 

.01 .001 
.01 .004 

.01 .005 

.01 .005 

.01 .005 

.01 .004 


0 1.01 
-.001 1.02 
-.001 1.01 
-.001 1.00 
-.001 1.01 
-.001 1.01 
-.001 1.00 
■ 7.001 .99 

-.001 .98 

-.001 .97 

-.001 .96 

-.001 1.00 












NACA RM SA57F06 










































































NACA RM SA57F06 

TABLE III.- SIDESLIP CHARACTERISTICS} R/FT = 2.0x10 s - Continued 
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FIGURE LEGENDS 


Figure l.= Systems of axes and positive direction, of forces, moments , 
and angles. 

Figure 2.= Model photographs, (a) Basic configuration, (b) Configura- 
tion with ventral fins. 

Figure 2.- Concluded, (c) Inlet with antibuzz screen extended. 

(d) Inlet with boundary- layer bleed closed. 

Figure 3°~ Model and model component details ( dimensions in Inches). 

(a) Three views of basic configuration. 

Figure 3° “ Continued, (b) Trimmer and ventral details. 

Figure 3°° Concluded, (c) Antibuzz screen and rudder details. 

Figure 4.=* Inlet configurations, (a) Basic inlet, (b) Inlet with 
boundary- layer bleed closed, (c) Inlet with antibuzz screen 
extended. 

Figure 5«= Longitudinal characteristics of the basic configuration) 

Mco « 2.0, s/ft * 2.0X10®. 

Figure 6.= Variation with Mach number of pitching moment at zero lift, 
and aerodynamic center for the configurations tested) R/ft=2„0Xl0 6 . 

Figure Variation with Reynolds number of pitching moment at zero 
lift, and aerodynamic center) M^-2.0. 

Figure 8.- Effect of mass -flow-ratio variation on pitching moment) 

R/ f t=2 . OxlO 6 , Cj_®0. 

Figure 9«= Lateral characteristics of the basic configuration) 

M^=2„0, R/f t=2. OXlO 6 , a^O . 

Figure 10.- Variation with Mach number of rolling-moment and yawing- 
moment derivatives for the configurations tested) R/ft=2.0xl0 6 . 

(a) a?0°„ 

Figure 10.= Continued, (b) a^5°5°» 

Figure 10.- Continued, (c) a=ll°. 

Figure 10.= Concluded, (d) of* - 5. 5°. 

Figure 11.= Variation with Mach number of rudder effectiveness) 

R/ ft =2. OXlO 6 , o=0°, p=0°. 
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(c) Inlet with antibuzz screen extended. 


A-21885 
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Slab side 


Rudder detail 


Antibuzz screen detail 


(c) Antibuzz screen and rudder details. 


Figure 3 . - Concluded . 






(a) Basic inlet. 
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Basic configuration 

Boundary -layer Bleed closed 

Trimmer off, antibuzz screen extended 

Trimmer off 

Ventral fins on 

(Points taken from faired curves ) 


Figure 6. - Variation with Mach number of pitching moment at zero lift 
and aerodynamic center for the configurations tested: R/ft=2 ,0x10 s . 














Figure 10.- Variation with Mach number of rolling-moment and yawing 
moment derivatives for the configurations tested; R/ft=2 .OxlO 6 . 




O Basic configuration 

Trimmer cff 

t — — 'r— • Ventral fins on 
■ ■ Cj ' r- Vertical tail off 


(Points taken from faired curves) 












o — — Basic configuration 

(points taken' from faired curves ) 



